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(54) Cathode ray tube apparatus 

(57) A main lens section of an electron gun assem- 
bly (7) comprises a fifth grid (G5) supplied with a focus 
voltage, a sixth grid (G6) supplied with a dynamic focus 
voltage, a first intermediate electrode (GM1), a second 
intermediate electrode (GM2), and a seventh grid (G7). 
The main lens section includes an electric field lens (L1 ) 
acting commonly on the electron beams on a focus re- 



gion side of the main lens section, which is formed by 
the fifth grid (G5), sixth grid (G6) and first intermediate 
electrode (GM1), and a plurality of electric field lenses 
(L2) acting respectively on the electron beams on a di- 
vergence region side of the main lens section, which is 
formed by the second intermediate electrode (GM2) and 
seventh grid (G7). 




FIG. 8 
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Description 

[0001] The present invention relates generally to a 
cathode ray tube (CRT) apparatus, and more particular- 
ly to a color cathode ray tube apparatus equipped with 5 
an in-line electron gun assembly for emitting three elec- 
tron beams travelling in the same horizontal plane. 
[0002] In recentyears, a self-convergence in-line type 
color cathode ray tube apparatus has widely been put 
to practical use. This CRT apparatus is characterized in to 
that three in-line electron beams are self-converged on 
the entire area of a phosphor screen. 
[0003] In this type of color CRT apparatus, a method 
of increasing a lens aperture of a main lens section cre- 
ated by an electron gun assembly is effective as means 15 
for obtaining good image characteristics. Typical means 
for increasing the lens aperture of the main lens section 
are an overlapping field type lens and an extended field 
type lens. 

[0004] As is shown in FIG. 1 , an overlapping field type 20 
lens 52 is created between two adjacent electrodes 50a 
and 50b, which have outer peripheral electrodes 51a 
and 51b at their opposing faces. The overlapping field 
type lens 52 is an electric field lens acting commonly on 
three electron beams passing through three electron 25 
beam passage holes formed in each of the electrodes 
50a and 50b. Thereby, the lens diameter of the main 
electric filed is substantially increased. 
[0005] As is shown in FIG. 2, an extended field type 
lens 65 is created by disposing an intermediate elec- 30 
trode 62 between a focus electrode 61 and an anode 
63. A focus voltage is applied to the focus electrode 61 , 
an anode voltage higher than the focus voltage is ap- 
plied to the anode 63, and a voltage of an intermediate 
level between the focus voltage and anode voltage is 35 
applied to the intermediate electrode 62. In general, in 
consideration of breakdown voltage characteristics, a 
voltage obtained by resistor-dividing the anode voltage 
via a resistor 64 is applied to the intermediate electrode 
62. The extended field type lens 65 increases the lens 40 
diameter by extending the lens region in the tube axis 
direction. 

[0006] Jpn. Pat. Appln. KOKAl Publication No. 
9-320485, for instance, discloses that two lenses are 
combined to obtain more improved image characteris- 45 
tics. 

[0007] On the other hand, the effect of deflection mag- 
netic fields upon electron beams cannot be ignored. In 
the color CRT apparatus, electron beams, which have 
passed through non-uniform magnetic fields, are affect- so 
ed by deflection aberration components included in the 
deflection magnetic fields. Consequently, a beam spot 
deforms on a peripheral portion of the phosphor screen, 
and the resolution considerably deteriorates. 
[0008] An electron beam 12 deflected onto a periph- ss 
eral portion of the phosphor screen is affected by a force 
exerted by a pincushion type horizontal deflection mag- 
netic field 11 in the direction of arrows 13, as shown in, 
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e.g. FIG. 3A. As a result, as shown in FIG. 3B, the beam 
spot on the peripheral portion of the phosphor screen 
horizontally deforms, and the resolution greatly deterio- 
rates. 

[0009] The electron beam affected by the deflection 
aberration components is horizontally enlarged and ver- 
tically over-focused. The beam spot formed on the pe- 
ripheral portion of the phosphor screen thus produces 
a high-luminance core portion 1 4 deformed in a horizon- 
tal direction X and a low-luminance halo portion 15 en- 
larged in a vertical direction Y. 

[0010] Jpn. Pat. Appln. KOKAl Publication No. 
61-99249, for instance, discloses structural means for 
solving the problem of deterioration in resolution. The 
electron gun assembly in this structural means basically 
comprises first to fifth grids. The electron gun assembly 
also includes an electron beam generating section, a 
quadrupole lens and a main lens, which are disposed in 
the direction of travel of electron beams. The third and 
fifth grids disposed adjacent to each other to create the 
quadrupole lens have, respectively, vertically and hori- 
zontally elongated non-circular electron beam passage 
holes in their mutually opposing faces. 
[0011] The lens function of the quadrupole lens dy- 
namically is varied by applying a dynamic focus voltage 
that varies in synchronism with deflection magnetic 
fields to the fourth grid. Thus, the quadrupole lens cor- 
rects the deformation due to deflection aberration of the 
electron beam deflected on the peripheral portion of the 
phosphor screen. 

[0012] If the quadrupole lens is combined with the 
above-mentioned two lenses (overlapping field type 
lens and extended field type lens), good image charac- 
teristics can be obtained over the entire area of the 
screen. 

[0013] The overlapping field type lens can increase 
the horizontal lens diameter relative to the electron 
beams, but it cannot increase the vertical lens diameter 
as much as the horizontal lens aperture. This results in 
a difference in lens diameter between the horizontal and 
vertical directions, and the focal distance in the vertical 
direction becomes shorter than that in the horizontal di- 
rection. Thus, this overlapping field type lens has a neg- 
ative astigmatism. The electron beam, which has 
passed through the overlapping field type lens, is hori- 
zontally under-focused and vertically over-focused. In 
order to compensate the negative astigmatism, one of 
the electrodes which arranged back from the overlap- 
ping field type lens is generally provided with vertically 
elongated electron beam passage holes. 
[0014] However, this electrode structure makes the 
horizontal dimension of the electron beam passage hole 
less than the vertical dimension thereof. Consequently, 
the distance between the electron beam and the hori- 
zontal end portions of the electron beam passage hole 
in the electrode decreases, and local aberration occurs. 
In practice, even if the length of the outer peripheral 
electrode is to be extended in the tube axis direction to 
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realize a large-aperture lens, the above-mentioned hor- 
izontal local aberration restricts the length of the outer 
peripheral electrode and makes it difficult to obtain a de- 
sired lens aperture. 

[0015] The combination of the above-mentioned 
quadrupole lens and the extended field type lens will 
now be considered. 

[0016] In an electron gun assembly as shown in FIG. 
4, a quadrupole lens is formed between a first focus 
electrode 803 and a second focus electrode 804 to 
which a dynamic focus voltage is applied. The first focus 
electrode 803, second focus electrode 804, an interme- 
diate electrode 805 and an anode 806 constitute an ex- 
tended field type main lens. The intermediate electrode 
805 is supplied with a voltage from the anode 806 via a 
resistor 807. 

[0017] In this structure, if a dynamic focus voltage is 
applied to the second focus electrode 804, part of the 
AC component of the dynamic focus voltage is super- 
imposed on the intermediate electrode 805 due to the 
electrostatic capacitance created among the second fo- 
cus electrode 804, intermediate electrode 805 and an- 
ode 806. Thus, the potential of the intermediate elec- 
trode 805 increases. 

[0018] As is shown in FIG. 5, a potential Vf of the sec- 
ond focus electrode, a potential Vgm of the intermediate 
electrode and a potential Eb of the anode are set to be- 
come higher in the named order. When an AC compo- 
nent of the dynamic focus voltage is not applied to the 
second focus electrode, the extended field type main 
lens has a potential distribution 904. When an AC com- 
ponent of the dynamic focus voltage has been applied 
to the second focus electrode and a part of the AC com- 
ponent of the dynamic focus voltage is not superim- 
posed on the intermediate electrode, the extended field 
type main lens has a potential distribution 905. When 
an AC component of the dynamic focus voltage has 
been applied to the second focus electrode and a part 
of the AC component of the dynamic focus voltage has 
been superimposed on the intermediate electrode, the 
extended field type main lens has a potential distribution 
906. 

[0019] Let us consider the position of the principal 
plane of the main lens, that is, the position of the center 
of the lens, in the respective potential distributions. 
[0020] The principal plane of the main lens having the 
potential distributions 904 and 906 is at a position 907. 
On the other hand, the principal plane of the main lens 
having the potential distribution 905 is at a position 908 
and slightly shifts to the phosphor screen side. Specifi- 
cally, when a part of the AC component of the dynamic 
focus voltage is not applied to the intermediate elec- 
trode, the position of the principal plane of the main lens 
gradually moves to the phosphor screen side as the 
electron beam is deflected from the screen center to- 
ward the peripheral portion of the screen. On the other 
hand, when a part of the AC component of the dynamic 
focus voltage has been applied to the intermediate elec- 



trode, the position of the principal plane of the main lens 
remains substantially unchanged, even as the electron 
beam is deflected from the screen center toward the pe- 
ripheral portion of the screen. 

5 [0021 ] This behavior will now be considered referring 
to a simplified optical system shown in FIG. 6. 
[0022] Assume that a position of a principal plane of 
the electron lens is S, a distance between an electron 
beam generating section I and the principal plane S is 

10 p, and a distance between the principal plane S and a 
phosphor screen O is Q. In this case, a magnification M 
of the electron lens is expressed by 

15 M = Q/P (1) 

In general terms, in the case of a color CRT apparatus, 
the distance between the electron beam generating sec- 
tion and the phosphor screen is longer at the peripheral 

20 portion of the screen than at the central portion of the 
screen. Assuming that the difference in distance be- 
tween the peripheral portion of the screen and the cen- 
tral portion of the screen is a and the magnification M 
of the electron lens at the central portion of the screen 

25 is given by equation (1 ), a magnification M1 of the elec- 
tron lens at the time the position of the principal plane 
is unchanged (at the time part of the AC component of 
the dynamic focus voltage has been superimposed on 
the intermediate electrode) is expressed, based on 

30 equation (1), by 

M1 = (Q+a)/P (2) 

35 it is thus understood that the lens magnification is great- 
er at the peripheral portion of the screen than at the cen- 
tral portion of the screen and the electron beam diame- 
ter increases. On the other hand, a magnification M2 of 
the electron lens at the time the position of the principal 

40 plane has shifted to the phosphor screen side by p (at 
the time part of the AC component of the dynamic focus 
voltage is not superimposed on the intermediate elec- 
trode) is expressed by 

M2 = (Q+ a - p)/(P+p) (3) 

Compared to equation (2), the magnification decreases. 
It is thus understood that at the peripheral portion of the 

50 screen, the magnification decreases as the position of 
the principal plane shifts to the phosphor screen side 
and the electron beam diameter decreases. 
[0023] In the electron gun assembly formed by com- 
bining the extended field type lens and quadrupole lens, 

55 the main lens diameter can be increased and the elec- 
tron beam diameter at the peripheral portion of the 
screen can be improved. In practice, however, part of 
the AC component of the dynamic voltage is superim- 
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posed on the intermediate electrode due to the electro- 
static capacitance among the electrodes and it is difficult 
to shift the principal plane of the main lens to the phos- 
phor screen side. 

[0024] The present invention has been made in con- s 
sideration of the above problem, and its object is to pro- 
vide a cathode ray tube apparatus having an electron 
gun assembly capable of obtaining good image charac- 
teristics over the entire area of a phosphor screen. 
[0025] In order to achieve the object, the present in- 10 
vention may provide a cathode ray tube apparatus com- 
prising: an electron gun assembly having an electron 
beam generating section which generates a plurality of 
electron beams and a main lens section which focuses 
the electron beams generated from the electron beam 1$ 
generating section on a phosphor screen; and a deflec- 
tion yoke which produces a deflection magnetic field that 
deflects the electron beams emitted from the electron 
gun assembly in a horizontal direction and a vertical di- 
rection, wherein the main lens section comprises a fo- 20 
cus electrode supplied with a focus voltage of a first lev- 
el, at least one intermediate electrode supplied with a 
voltage of a second level equal to or higher than the first 
level, and an anode supplied with an anode voltage of 
a third level higher than the second level, the focus elec- 25 
trode, at least one intermediate electrode and the anode 
being arranged in a direction of travel of the electron 
beams, and the main lens section includes an electric 
field lens acting commonly on the electron beams on a 
focus region side of the main lens section, which is 30 
formed by the focus electrode and at least one interme- 
diate electrode, and a plurality of electric field lenses 
acting respectively on the electron beams on a diver- 
gence region side of the main lens section, which is 
formed by at least one intermediate electrode and the 35 
anode. 

[0026] This summary of the invention does not nec- 
essarily describe all necessary features so that the in- 
vention may also be a sub-combination of these de- 
scribed features. 40 
[0027] The invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

FIG. 1 schematically shows the structure of an over- 45 
lapping field type lens applied to an electron gun 
assembly; 

FIG. 2 schematically shows the structure of an ex- 
tended field type lens applied to an electron gun as- 
sembly; 50 
FIGS. 3A and 3B illustrate deformation of a beam 
spot due to non-uniform magnetic fields; 
FIG. 4 schematically shows the structure of a con- 
ventional electron gun assembly in which an ex- 
tended field type main lens and a quadrupole lens 55 
are combined; 

FIG. 5 shows potential distributions of a main lens 
section and the position of the principal plane of the 
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main lens section in the conventional electron gun 
assembly shown in FIG. 4; 
FIG. 6 shows an optical system for explaining the 
magnification of the main lens; 
FIG. 7 is a horizontal cross-sectional view schemat- 
ically showing the structure of a ; cplor CRT appara- 
tus according to an embodiment of the present in- 
vention; 

FIG. 8 is a horizontal cross-sectional view schemat- 
ically showing the structure of an electron gun as- 
sembly applied to the CRT apparatus shown in FIG. 
7; 

FIG. 9A shows an axial potential distribution of the 
main lens in the conventional electron gun assem- 
bly; 

FIG. 9B shows an axial potential distribution of the 
main lens section in the electron gun assembly 
shown in FIG. 8; and 

FIG. 10 is a horizontal cross-sectional view sche- 
matically showing another structure of the electron 
gun assembly applied to the CRT apparatus shown 
in FIG. 7. 

[0028] A cathode ray tube (CRT) apparatus according 
to an embodiment of the present invention will now be 
described with reference to the accompanying draw- 
ings. 

[0029] As is shown in FIG. 7, the CRT apparatus, e. 
g. a color CRT apparatus, has a vacuum envelope in- 
cluding a panel 1 and a funnel 2 integrally coupled to 
the panel 1 . A phosphor screen 3 is disposed on an in- 
side surface of the panel 1 . The phosphor screen 3 has 
three-color striped or dot-shaped phosphor layers, 
which emit blue (B), green (G) and red (R) light compo- 
nents. A shadow mask 4 is disposed to face the phos- 
phor screen 3. The shadow mask 4 has many apertures 
in its inside part. 

[0030] An in-line electron gun assembly 7 is disposed 
within a neck 5, which corresponds to a thinnest portion 
of the funnel 2. The in-line electron gun assembly 7 
emits three electron beams 6B, 6G and 6R (i.e. a center 
beam 6G and side beams 6B and 6R), which are ar- 
ranged in line in a horizontal direction X and travel in the 
same horizontal plane, in a tube axis direction Z. In the 
in-line electron gun assembly 7, center positions of side 
beam passage holes in a low-potential side grid and a 
high-potential side grid, which are parts of a main lens 
section, are made eccentric to each other. Thereby, the 
three electron beams are self-converged on a central 
portion of the phosphor screen 3. 
[0031] A deflection yoke 8 is mounted on the outside 
of the funnel 2. The deflection yoke 8 generates non- 
uniform deflection magnetic fields for deflecting the 
three electron beams 6B, 6G and 6R, which have been 
emitted from the electron gun assembly 7, in the hori- 
zontal direction X and vertical direction Y. The non-uni- 
form deflection magnetic fields comprise a pincushion- 
shaped horizontal deflection magnetic field and a barrel- 
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shaped vertical deflection magnetic field. 
[0032] The three electron beams 6B, 6G and 6R emit- 
ted from the electron gun assembly 7 are focused on 
the associated phosphor layers on the phosphor screen 
3, while they are being self-converged toward the phos- 5 
phor screen i3. The three electron beams 6B, 6G and 
6R are scanned by the non-uniform deflection magnetic 
fields in the horizontal direction X and vertical direction 
Y of the phosphor screen 3. Thus, a color image is dis- 
played. 10 
[0033] The electron gun assembly 7 applied to the 
CRT apparatus, as shown in FIG. 8, comprises cath- 
odes K (R, G, B) including heaters, which are arranged 
in line in the horizontal direction X; a first grid G1 ; a sec- 
ond grid G2; a third grid G3; a fourth grid G4; a fifth grid is 
G5 (first focus electrode); a sixth grid G6 (second focus 
electrode); a first intermediate electrode GM1 ; a second 
intermediate electrode GM2; a seventh grid G7 (anode), 
and a convergence cup G8. 

[0034] The three cathodes K and the nine grids are 20 
arranged in succession in a direction of travel of electron 
beams and fixed by insulated support members (not 
shown). The convergence cup G8 is fixed to the seventh 
grid G7 by welding. The convergence cup G8 is 
equipped with four contacts for electrical connection 25 
with an internal conductor film coated on the area ex- 
tending from the inner surface of funnel 2 to the inner 
surface of neck 5. 

[0035] The three cathodes K (R, G, B) are supplied 
with a voltage of about 1 00V to 150V. The first grid G1 30 
is grounded. The second grid G2 is supplied with an ac- 
celeration voltage Ec2 of about 600V to 800V from the 
outside of the CRT. 

[0036] The third grid G3 and fifth grid G5 are connect- 
ed within the tube and supplied with a focus voltage Ec3 35 
of about 6 kV to 9 kV from the outside of the CRT The 
sixth grid G6 is supplied with a dynamic focus voltage 
from the outside of the CRT The dynamic focus voltage 
is obtained by superimposing an AC voltage component 
varying in synchronism with the deflection magnetic 40 
fields upon a focus voltage Ec6 of about 6 kV to 9 kV. 
[0037] The seventh grid G7 and convergence cup G8 
are supplied with an anode voltage Eb of about 25 kV 
to 30 kV from the outside of the CRT. 
[0038] As is shown in FIG. 8, a resistor R is disposed 45 
near the electron gun assembly 7. One end A of the re- 
sistor R is connected to the seventh grid G7, and the 
other end C thereof is grounded on the outside of the 
tube. 

[0039] The resistor R is connected to the fourth grid so 
G4atan intermediate portion B1 thereof. The fourth grid 
G4 is connected to the first intermediate electrode GM1 
within the tube. Thereby, the fourth grid G4 and first in- 
termediate electrode GM1 are supplied with a voltage 
equal to about 20% to 40% of the voltage applied to the ss 
seventh grid G7. 

[0040] The resistor R is connected to the second in- 
termediate electrode GM2 at an intermediate portion B2 
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thereof. Thereby, the second intermediate electrode 
GM2 is supplied with a voltage equal to about 50% to 
70% of the voltage applied to the seventh grid G7. 
[0041] The cathodes K (R, G, B) arranged in line are 
disposed with regular intervals of about 5 mm. 
[0042] Each of the first grid G1 and second gridjG2 is 
a thin-plate electrode and has, in its plate face, three 
small-diameter circular electron beam passage holes, 
each having a diameter of 1 mm or less. 
[0043] The third grid G3 is formed by coupling a pair 
of cup-shaped electrodes which extend in the tube axis 
direction 2. The end face of the cup-shaped electrode 
facing the second grid G2 has three relatively large elec- 
tron beam passage holes, each having a diameter of 
about 2 mm. The end face of the cup-shaped electrode 
facing the fourth grid G4 has three circular large-diam- 
eter electron beam passage holes, each having a diam- 
eter of about 3 mm to 6 mm. 

[0044] The fourth grid G4 is formed by coupling a pair 
of cup-shaped electrodes. The end face of each cup- 
shaped electrode has three circular large-diameter elec- 
tron beam passage holes, each having a diameter of 
about 3 mm to 6 mm. 

[0045] The fifth grid G5 is formed by coupling a plu- 
rality of cup-shaped electrodes. The end face of each 
cup-shaped electrode has three circular large-diameter 
electron beam passage holes, each having a diameter 
of about 3 mm to 6 mm. The face of the fifth grid G5, 
which is opposed to the sixth grid G6, has three non- 
circular electron beam passage holes that are elongated 
in the vertical direction Y. Each non-circular electron 
beam passage hole, for example, is formed in a rectan- 
gular shape with longer sides in the vertical direction Y. 
[0046] The sixth grid G6 is formed by coupling a plu- 
rality of cup-shaped electrodes. The face of the sixth grid 
G6, which is opposed to the fifth grid G5, has three non- 
circular electron beam passage holes that are elongated 
in the horizontal direction X. Each non-circular electron 
beam passage hole, for example, is formed in a rectan- 
gular shape with longer sides in the horizontal direction 
X. An end face G6B of the cup-shaped electrode of sixth 
grid G6, which is opposed to the first intermediate elec- 
trode GM1 , has three circular large-diameter electron 
beam passage holes, each having a diameter of about 
3 mm to 6 mm. In addition, the face of the sixth grid G6, 
which is opposed to the first intermediate electrode 
GM 1 , is provided with an outer peripheral electrode G6A 
defining an opening portion for commonly passing three 
electron beams, which have passed through the three 
electron beam passage holes. The outer peripheral 
electrode G6A extends from the end face G6B toward 
the first intermediate electrode GM1 . 
[0047] The first intermediate electrode GM1 is formed 
of a cup-shaped electrode. The end face of the first in- 
termediate electrode GM 1 , which is opposed to the sixth 
grid G6, has an outer peripheral electrode GM1 A defin- 
ing an opening portion for commonly passing three elec- 
tron beams. The end face of the first intermediate elec- 
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trade GM1 , which is opposed tothesecond intermediate 
electrode GM2, has three circular large -diameter elec- 
tron beam passage holes, each having a diameter of 
about 3 mm to 6 mm. 

[0048] The second intermediate electrode GM2 is 
formed of a thick plate-shaped electrode. The plate- 
shaped electrode has three circular large-diameter elec- 
tron beam passage holes for respectively passing the 
three electron beams. Each hole has a diameter of 
about 3 mm to 6 mm. 

[0049] The seventh grid G7 comprises a plate-shaped 
electrode and a plurality of cup-shaped electrodes. The 
plate-shaped electrode of the seventh grid G7, which is 
opposed to the second intermediate electrode GM2 , has 
three circular large-diameter electron beam passage 
holes for respectively passing the three electron beams. 
Each hole has a diameter of about 3 mm to 6 mm. The 
end face of the cup-shaped electrode disposed adjacent 
to the plate-shaped electrode has three non-circular 
electron beam passage holes that are elongated in the 
horizontal direction X. Each non-circular electron beam 
passage hole, for example, is formed in an oval shape 
with a major axis in the horizontal direction X. 
[0050] The convergence cup G8 is welded to the sev- 
enth grid G7. The end face of the convergence cup G8 
has three circular large-diameter electron beam pas- 
sage holes, each having a diameter of about 3 mm to 6 
mm. 

[0051] The first grid G1 and second grid G2 are op- 
posed to each other with a very small distance of 0.5 
mm or less. The second grid G2 to seventh grid G7 are 
arranged and opposed to each other with intervals of 
about 0.5 mm to 1 mm. 

[0052] In the electron gun assembly 7 with the above- 
described structure, the cathodes K, first grid G1 and 
second grid G2 constitute an electron beam generating 
section for generating electron beams. The second grid 
G2 and third grid G3 constitute a prefocus lens for pre- 
focusing the electron beams emitted from the electron 
beam generating section. 

[0053] The third grid G3, fourth grid G4 and fifth grid 
G5 constitute a sub-lens for furtherfocusing the electron 
beams, which have been prefocused by the prefocus 
lens. The fifth grid G5 and sixth grid G6 constitute a 
quadrupole lens, which is created in synchronism with 
the deflection of electron beams. 
[0054] The fifth grid G5 (first focus electrode), sixth 
grid G6 (second focus electrode), first intermediate elec- 
trode GM1, second intermediate electrode GM2 and 
seventh grid G7 (anode) constitute a main lens section 
for ultimately focusing the electron beams on the phos- 
phor screen. The main lens section is a combination of 
an overlapping field type lens and an extended field type 
lens. 

[0055] As is shown in FIG. 8, the main lens section 
includes an electric field lens L1 on a focus region side 
of the main lens section, which is formed by sixth grid 
G6 and first intermediate electrode GM1. The electric 



field lens L1 acts commonly on the three electron 
beams. The electric field lens L1 is created by the outer 
peripheral electrodes provided on the opposing faces of 
the sixth grid G6 and first intermediate electrode GM1 . 
5 In this manner, the electric field lens acting commonly 
on the three electron beams is formed by forming the 
opposing faces of the sixth grid G6 and first intermediate 
electrode GM1 in similar shapes with the outer periph- 
eral electrodes. 
w [0056] In addition, the main lens section includes 
three electric field lenses L2 respectively acting on three 
electron beams on a divergence region side of the main 
lens section, which is formed by the second intermedi- 
ate electrode GM2 and seventh grid G7. The electric 
'5 field lenses L2 are created by the three electron beam 
passage holes which respectively pass the three elec- 
tron beams and are formed in the opposing faces of the 
second intermediate electrode GM2 and seventh grid 
G7. Specifically, the opposing faces of the second inter- 
na mediate electrode GM2 and seventh grid G7 have sim- 
ilar shapes, and the electric field lenses L2 are formed 
therebetween, 

[0057] Each electric field lens L2 is an axially asym- 
metric lens. Specifically, the electric field lenses L2 are 

25 created by the structural feature that the electron beam 
passage holes for respectively passing three electron 
beams, which are formed in the electrode of the seventh 
grid G7, are formed in a horizontally elongated asym- 
metric shape. Each electric field lens L2 has, in a relative 

30 fashion, a focusing lens function in the horizontal direc- 
tion X and a diverging lens function in the vertical direc- 
tion Y. 

[0058] As regards the main lens section with the 
above structure, the axial potential distribution can be 

35 made gentler. As is understood from secondary differ- 
entiation of the axial potential distribution, as shown in 
FIG. 9B, the axial potential distribution can be made 
gentler, compared to a prior-art structure shown in FIG. 
9A. Thus, by adopting the extended field type lens in the 

40 main lens section, it is possible to obtain a large-diam- 
eter main lens in which the axial potential distribution 
increases gradually. In addition, by using the overlap- 
ping field type lens, the axial potential distribution on the 
focus region side can have a still gentler gradient. Ac- 

45 cordingly, a large-diameter lens with a less aberration 
component can be realized. 

[0059] In general terms, the overlapping field type 
main lens using the outer peripheral electrode has a 
negative astigmatism component. An electron beam, 

50 which has passed through the overlapping field type 
main lens, is horizontally under-focused and vertically 
over-focused. In this embodiment, in order to correct the 
focusing, the three electric field lenses individually act- 
ing on the three electron beams are formed between the 

55 second intermediate electrode GM2 and seventh grid 
G7, which are disposed on the divergence region side 
of the main lens section. The three electric field lenses 
have positive astigmatism components and are formed 
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to have a horizontal focusing function and a vertical di- 
verging function relatively. 

[0060] Thus, there is no need to make the electron 
beam passage holes, which are formed in the electrode 
with the outer peripheral electrode, extremely longer in s 
the vertical direction. In other words, there is no need to 
make the electron beam passage holes, which are 
formed in the electrode with the outer peripheral elec- 
trode, extremely shorter in the horizontal direction, and 
the effect of local aberration can be prevented from act- 10 
ing on the electron beams in this region. 
[0061] In the conventional electron gun assembly, 
when the intermediate electrode is disposed adjacent to 
the electrode supplied with a dynamic focus voltage, 
part of the AC component of the dynamic focus voltage 15 
is superimposed on the intermediate electrode due to 
an inter-electrode capacitance. By contrast, according 
to the present embodiment, the outer peripheral elec- 
trodes are provided on the opposing faces of the sixth 
grid G6 supplied with the dynamic focus voltage and the 20 
first intermediate electrode GM1 disposed adjacent to 
the sixth grid. 

[0062] Accordingly, the distance in the tube axis di- 
rection Z between the plate face of the sixth grid G6 and 
the plate face of the first intermediate electrode GM1, 25 
which produce the capacitance, is increased. This re- 
duces the capacitance between the sixth grid G6 and 
first intermediate electrode GM1, and weakens the phe- 
nomenon that part of the AC component of the dynamic 
focus voltage is superimposed on the first intermediate 30 
electrode GM1. 

[0063] As described above, the ratio of the dynamic 
focus voltage superimposed on the first intermediate 
electrode GM1 is decreased. Thereby, compared to the 
non-deflection mode in which the electron beam is fo- 35 
cused on the central portion of the screen, the principal 
plane of the main lens section shifts toward the phos- 
phor screen in the deflection mode in which the electron 
beam is deflected onto a peripheral portion of the 
screen. Therefore, the magnification of the main lens 40 
section in the deflection mode becomes less than in the 
non-deflection mode, and the beam spot size at the pe- 
ripheral portion of the screen is improved and reduced. 
[0064] The main lens section comprises the combina- 
tion of the overlapping field type lens and extended field 45 
type lens. The main lens section includes an electric 
field lens acting commonly on the three electron beams 
on the focus region side of the main lens section. The 
main lens section also includes a plurality of electric field 
lenses acting respectively on the three electron beams so 
on the diversion region side of the main lens section. 
The electric field lenses on the diversion region side are 
axially asymmetric lenses which have a horizontal fo- 
cusing function and a vertical diverging function relative- 
ly. 55 
[0065] Thus, a large-diameter main lens section can 
be formed, and the effect of aberration locally acting on 
the electron beams in the horizontal direction can be re- 
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duced. Moreover, the limitation to the length of the outer 
peripheral electrode due to the negative astigmatism of 
the main lens section can be eliminated. Besides, the 
ratio of the dynamic focus voltage superimposed on the 
intermediate electrode can be reduced, and a good 
beam spot can be formed over the entire/iarea of the 
screen. 

[0066] In the above embodiment, as shown in FIG. 8, 
the second intermediate electrode GM2 has no outer 
peripheral electrode. Alternatively, as shown in FIG. 10, 
an outer peripheral electrode GM2A may be provided 
on the face of the second intermediate electrode GM2, 
which is opposed to the first intermediate electrode 
GM1 . In addition, outerperipheral electrodes GM1 A and 
GM1 B may be provided on those faces of the first inter- 
mediate electrode GM1 , which are opposed to the sixth 
grid G6 and second intermediate electrode GM2. With 
this structure, a lens with a still greater diameter can be 
realized. 

[0067] In the above-described embodiments, the first 
intermediate electrode GM1 and fourth grid G4 are con- 
nected. Alternatively, the second grid G2 and fourth grid 
G4, for instance, may be connected. 
[0068] In the above embodiments, the main lens sec- 
tion includes two intermediate electrodes and compris- 
es a combination of an overlapping field type lens and 
an extended field type lens. Alternatively, the main lens 
section includes, for example, at least one intermediate 
electrode and comprises a combination of an overlap- 
ping field type lens and an extended field type lens. Fur- 
thermore, the present invention is applicable to an elec- 
tron gun assembly having an ordinary bi-potential main 
lens or a uni-potential main lens. 



Claims 

1. A cathode ray tube apparatus characterized by 

comprising: 

an electron gun assembly (7) having an elec- 
tron beam generating section which generates 
a plurality of electron beams (6R, 6G, 6B) and 
a main lens section which focuses the electron 
beams generated from the electron beam gen- 
erating section on a phosphor screen (3); and 
a deflection yoke (8) which produces a deflec- 
tion magnetic field that deflects the electron 
beams emitted from the electron gun assembly 
in a horizontal direction (X) and a vertical direc- 
tion (Y), 

wherein the main lens section comprises a fo- 
cus electrode (G5, G6) supplied with a focus volt- 
age of a first level, at least one intermediate elec- 
trode (GM1 , GM2) supplied with a voltage of a sec- 
ond level equal to or higher than the first level, and 
an anode (G7) supplied with an anode voltage of a 
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third level higher than the second level, the focus 
electrode (G5, G6), said at least one intermediate 
electrode (GM1, GM2) and the anode (G7) being 
arranged in a direction (Z) of travel of the electron 
beams, and 

the main lens sectjon includes an electric field 
lens (L1 ) acting commonly on the electron beams 
on a focus region side of the main lens section, 
which is formed by the focus electrode and said at 
least one intermediate electrode, and a plurality of 
electric field lenses (L2) acting respectively on the 
electron beams on a divergence region side of the 
main lens section, which is formed by said at least 
one intermediate electrode and the anode. 

2. A cathode ray tube apparatus according to claim 1 , 
characterized in that said focus electrode and said 
at least one intermediate electrode have, at their 
mutually opposing faces, outer peripheral elec- 
trodes (G6A, GM1 A) defining opening portions 
which commonly pass the electron beams. 

3. A cathode ray tube apparatus according to claim 1 , 
characterized in that said at least one intermedi- 
ate electrode and said anode have, at their mutually 
opposing faces, a plurality of electron beam pas- 
sage holes which individually pass the electron 
beams. 

4. A cathode ray tube apparatus according to claim 3, 
characterized in that each of said plurality of elec- 
tron beam passage holes formed in the anode is 
formed in a non-circular shape with a major axis in 
the horizontal direction. 

5. A cathode ray tube apparatus according to claim 1 , 
characterized in that said plurality of electric field 
lenses (L2) formed on the divergence region side 
of the main lens section are axially asymmetric lens- 
es. 

6. A cathode ray tube apparatus according to claim 5, 
characterized in that said axially asymmetric lens- 
es have, in a relative fashion, a horizontal focusing 
lens function and a vertical diverging lens function. 

7. A cathode ray tube apparatus according to claim 1 , 
characterized in that said main lens section com- 
prises a focus electrode (G5, G6), a first intermedi- 
ate electrode (GM1), a second intermediate elec- 
trode (GM2) and an anode (G7), which are arranged 
in a direction of travel of the electron beams, and 

the electric field lens (L1 ) acting commonly on 
the electron beams is formed by the focus electrode 
and the first intermediate electrode, and said plural- 
ity of electric field lenses (L2) acting respectively on 
the electron beams are formed by the second inter- 
mediate electrode and the anode. 



8. A cathode ray tube apparatus according to claim 1 , 
characterized in that said at least one intermedi- 
ate electrode is connected to a resistor disposed 
near the electron gun assembly and supplied with 

5 a voltage obtained by resistor-dividing the anode 
voltage',applied to the anode. 

9. A cathode ray tube apparatus according to claim 1 , 
characterized in that said focus electrode has a 

10 first focus electrode (G5) supplied with a reference 
voltage, and a second focus electrode (G6) sup- 
plied with a dynamic focus voltage obtained by su- 
perimposing upon the reference voltage an AC 
component varying in synchronism with the deflec- 
ts tion magnetic field. 

1 0. A cathode ray tube apparatus according to claim 9, 
characterized in that said second focus electrode 
and the intermediate electrode (GM1) disposed ad- 

20 jacent to the second focus electrode have, at their 
mutually opposing faces, outer peripheral elec- 
trodes (G6A, GM1A) defining opening portions 
which commonly pass the electron beams. 

25 11. A cathode ray tube apparatus characterized by 

comprising: 

an electron gun assembly (7) having an elec- 
tron beam generating section which generates 
30 a plurality of electron beams (6R, 6G, 6B) and 

a main lens section which focuses the electron 
beams generated from the electron beam gen- 
erating section on a phosphor screen (3); and 
a deflection yoke (8) which produces a deflec- 
ts tion magnetic field that deflects the electron 
beams emitted from the electron gun assembly 
in a horizontal direction (X) and a vertical direc- 
tion (Y), 

40 wherein the main lens section comprises a fo- 

cus electrode (G5, G6) supplied with a focus volt- 
age of a first level, at least one intermediate elec- 
trode (GM1 , GM2) supplied with a voltage of a sec- 
ond level equal to or higher than the first level, and 

45 an anode (G7) supplied with an anode voltage of a 
third level higher than the second level, the focus 
electrode (G5, G6), said at least one intermediate 
electrode (GM1, GM2) and the anode (G7) being 
arranged in a direction of travel of the electron 

so beams, 

said focus electrode has, in a face thereof op- 
posed to the intermediate electrode disposed adja- 
cent to the focus electrode, an electron beam pas- 
sage hole which commonly passes the electron 

55 beams, and 

said anode has, in a face thereof opposed to 
the intermediate electrode disposed adjacent to the 
anode, a plurality of electron beam passage holes 
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which individually pass the electron beams. 

1 2. A cathode ray tube apparatus according to claim 1 1 , 
characterized in that said intermediate electrode 
opposed to the focus electrode has, in a face there- s 
of opposed to the focusfelectrode, an electron beam 
passage hole which commonly passes the electron 
beams, and 

said intermediate electrode opposed to the 
anode has, in a face thereof opposed to the anode, io 
a plurality of electron beam passage holes which 
individually pass the electron beams. 

13. A cathode ray tube apparatus according to claim 11, 
characterized in that the focus voltage applied to 15 
the focus electrode is obtained by superimposing 
upon a reference voltage an AC component varying 

in synchronism with the deflection magnetic field. 

14. A cathode ray tube apparatus according to claim 11, 20 
characterized in that the focus electrode includes 

an end face (G6B) located on the side of the inter- 
mediate electrode disposed adjacent to the focus 
electrode and having a plurality of electron beam 
passage holes which individually pass the electron 25 
beams, and an outer peripheral electrode (G6A) ex- 
tending from said end face toward the intermediate 
electrode disposed adjacent to the focus electrode 
and forming an electron beam passage hole which 
commonly passes the electron beams. 30 




9 



EP1 211 710 A2 



YZZZZZZZZZZZZZZA 



2 



/ 



uzzzzzzzzzzzzzm 



FIG. 1 



T 
50a 



FIG.2 



T 
51a 



v. 



^52 



TZZZZZZZZZZZZZZA 



rzzzzzzzEzzzzzm 



T 
51b 



T 
50b 




Y 

A 



s \ \ \ 

\ \ \ \ ' 



' ' / 
' ' I 
>' / / / ' 
/ / / / 



FIG.3A 



it// 



/ / / * 



Y 

A 



. > \ \ \12 

\ \ \ \ \ 



14 ry15 



FIG. 3B 



10 



EP1 211 710 A2 



^807 

^tttAAAAAMAAWVi 



801 



802 



J_ 8oJ| 

X X 



805 



806 

-f- 



X 



FIG.4 



FIG. 5 





11 




FIG.8 



12 



EP1 211 710 A2 



Axial potential 
distribution 



Secondary 
differentiation 



Divergence 
region 




Divergence 
region 




FIG. 9A 



FIG. 9B 




FIG. 10 



13 



